Trauma is the leading cause of death and disability among young adults in the United States. Young adults are also the age group most likely to be uninsured. Implementation of Medicaid expansion through the Affordable Care Act (ACA) has increased insurance coverage, but its associations with trauma care and outcomes among young adults nationwide remain unknown. We examined whether Medicaid expansion, in its first year, was associated with changes in insurance coverage and improved outcomes in young adults hospitalized for traumatic injury.
A mong young adults in the United States, trauma is the leading cause of death and disability, accounting for more than 80 000 deaths each year among adults aged 18 to 44 years. 1 The societal financial impact of traumatic injury is noteworthy, with medical and work loss-related costs reaching $214 billion for fatal trauma and $457 billion for nonfatal trauma in 2013. 2 Trauma disproportionately affects persons of low socioeconomic status, persons of racial/ethnic minority status, and uninsured individuals, and both the quality of trauma care and patient outcomes have been reported to be worse in these sociodemographic groups. 3, 4 For example, both in-hospital and long-term trauma-related mortality are higher among uninsured people. 5-9 Among hospitalized young adult trauma patients, even after adjustment for demographics, comorbidities, and injury severity, uninsured individuals are more likely to die in the hospital and also less likely to receive rehabilitative care after serious injury. 4, 10, 11 Prior to the Affordable Care Act (ACA), more than 30% of young adults lacked health insurance. 12 The ACA required states to extend Medicaid eligibility in 2014 to all nondisabled adults with incomes less than or equal to 138% of the federal poverty level. 13 However, a 2012 Supreme Court ruling made Medicaid expansion under the ACA optional for states, and therefore only 31 states plus the District of Columbia have expanded Medicaid coverage to low-income adults to date.
14 Medicaid expansion under the ACA has been associated with increased insurance coverage, increased health care use, improved self-reported health, and decreased health careassociated financial burden among low-income adults. 15, 16 Several studies of individual trauma centers in Medicaid expansion states and 1 study examining the state of Maryland have reported large increases in Medicaid coverage and decreases in uninsurance rates among trauma patients. [17] [18] [19] [20] Furthermore, in Maryland, Medicaid expansion has been associated with increased access to rehabilitation and decreases in both inhospital mortality and failure to rescue rates. 20 Although greater access to rehabilitation is likely a direct outcome of increased insurance coverage, reductions in in-hospital mortality and failure to rescue rates could be mediated by several factors. Such factors may include patients' improved preinjury health status because of increased primary and preventive health care use postexpansion or increased resources at hospitals that, prior to Medicaid expansion, provided a large amount of uncompensated care. 15, 16, 21 Nevertheless, given the large variability across states in trauma systems, Medicaid programs, and population characteristics, it is unclear whether the findings in Maryland can be extrapolated to other states. The impact of Medicaid expansion under the ACA on posthospitalization outcomes is also unclear. However, one might suspect that improved preinjury health status and access to postacute care after Medicaid expansion would also impact posthospitalization outcomes, such as the rate of unplanned readmissions. The aim of this study was to assess the association of Medicaid expansion under the ACA in its first year with insurance coverage and outcomes among hospitalized young adult trauma patients across a large number of US states. We hypothesized that Medicaid expansion has been associated with reductions in lack of insurance, in-hospital mortality, failure to rescue, and 30-day unplanned readmissions, and has increased access to rehabilitation.
Methods

Data Source
This study used data from the calendar years 2012 through 2014 from the State Inpatient Databases (SID) of 14 US states. The SIDs are part of the Healthcare Cost and Utilization Project (HCUP), which is sponsored by the Agency for Healthcare Research and Quality (AHRQ). Data are derived from discharge summaries and abstracts created by hospitals for billing purposes. Each database contains all of that state's community hospital inpatient discharge records. 22 For this study, we selected 11 states that have expanded Medicaid (Iowa, Maryland, Washington, Kentucky, New Jersey, Oregon, Colorado, Nevada, Arkansas, New Mexico, and Rhode Island) and 3 that have not (North Carolina, Georgia, and Florida). We selected these states because they make their data sets available centrally through AHRQ, did not implement early Medicaid expansion statewide to low-income adults (with incomes at or less than 138% of the federal poverty level), did not implement ACA Medicaid expansion on a delayed timeframe, and had reliable data on patient races/ethnicities. Because population characteristics and access to health care differ in states that chose to expand vs not expand Medicaid, 23,24 we first examined changes in insurance coverage and outcomes in just the 11 selected Medicaid expansion states. We then compared changes in coverage and outcomes between 3 selected southern states that expanded Medicaid (Arkansas, Kentucky, and Maryland) and 3 southern states that did not (North Carolina, Georgia, and Florida) in a difference-in-differences analysis. These selected southern states are more similar with regard to their population demographic and socioeconomic characteristics than expansion and nonexpansion states overall (eTable 1 in the Supplement). This study was ruled exempt by the institutional review board at Nationwide Children's Hospital. We received approval to use the SIDs through a data use agreement with AHRQ. Because all data were deidentified, an informed consent procedure was not required.
Study Population
We studied young adults (age 19-44 years) who were hospitalized for traumatic injury. We included patients with an International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) diagnosis code in the range 800.x through 959.x. Patients with only superficial injuries, late effects of injury, or foreign bodies were excluded. The transferring hospital records of patients transferred to other shortterm hospitals were also excluded, with only the admission at the receiving hospital retained. Admissions with a primary diagnosis in the coding range V50 through V58 (which denote elective surgeries and aftercare) or V67 (which specifies follow-up examinations) were also excluded. To include only patients who were subject to the policy of the state in which they were hospitalized, patients were excluded if they were not residents of the state in which they were hospitalized. Finally, patients with missing discharge disposition, sex, or primary payer data were also excluded. (This number was fewer than 200 patients.)
Outcomes and Covariates
Our primary outcomes were in-hospital mortality, failure to rescue, 25 discharge to any rehabilitation, discharge to spe- were used to compare changes in the types of health insurance of young adults hospitalized for injury between the expansion and nonexpansion states. Risk-adjusted changes in outcomes were examined using marginal logistic regression models. Difference-in-differences models that included the prespecified patient demographic and clinical characteristics were used to compare changes in outcomes in the expansion vs nonexpansion states. All subgroup analyses performed in the 11 expansion states were repeated, and analyses were also repeated after accounting for trauma center level. Marginal estimates of outcomes during each period and differences in risk differences were calculated for all outcomes, with standard errors calculated using the delta method. In both analyses, no variable had a missing value in more than 5% of records, thus records with missing values for multilevel categorical variables were designated with indicator variables. Statistical analyses were conducted using SAS version 9.4 (SAS Institute Inc) and Stata/SE version 14.0 (StataCorp). Two-sided P values of less than .05 were considered significant. Data analysis was completed from April 2017 to August 2017. 
Results
Analyses of Medicaid Expansion States
A total of 141 187 hospitalized young adult trauma patients were included, of whom 43 871 (31.1%) patients were women. The mean (SD) age was 31.4 (7.6) years. Distributions of both sociodemographic and injury-related characteristics were relatively similar across the 2 study periods, although many slight differences (including age, sex, race/ethnicity, urban/rural residence, median household income quartile, injury severity score, number of chronic conditions, presence of traumatic shock, and hospital trauma center level, as well as some injury mechanisms, types, and intents) were statistically significant in this large study cohort ( Table 1) . Before ACA Medicaid expansion, 36 346 of the hospitalized young adult trauma patients (37.4%) were covered by private insurance, while Medicaid and uninsured patients numbered 16 229 (16.7%) and 27 016 (27.8%), respectively. Medicaid expansion was associated with a significant increase in Medicaid coverage (difference, 18.2% [95% CI, 16.5%-20.0%]; P < .001), a slight but significant decrease in private insurance coverage (difference, −1.4% [95% CI, −2.3% to −0.4%]; P = .01), and a significant decrease in the proportion of patients uninsured (difference, −15.1% [95% CI, −16.8% to −13.5%]; P < .001). Changes were similar in the subgroup of moderate to severely injured patients (Medicaid insurance: difference, 19.1% [95% CI, 16.8%-21.4%]; P < .001; private insurance: −2.2% [95% CI, −3.7% to −0.7%]; P = .004; no insurance: −12.8% [95% CI, −16.7% to −8.9%]; P < .001) ( Table 2) .
Although ACA Medicaid expansion in the selected states was not associated with significant reductions in in-hospital mortality or failure to rescue, there was a significant increase in the proportion of patients able to access rehabilitation, (difference, 1.16% [95% CI, 0.55% to 1.77%]; P < .001), particularly IRFs (difference, 0.46% [95% CI, 0.13%-0.79%]; P = .01) and SNFs (difference, 0.42% [95% CI, 0.14%-0.70%]; P = .004) ( Table 2 ). Medicaid expansion under the ACA in its first year was not associated with any change in 30-day unplanned readmissions. Similar results were seen in the subgroup of moderate to severely injured patients (IRF: difference, 1.01% [95% CI, 0.26%-1.77%]; P = .01; SNF: difference, 0.54% [95% CI, 0.02%-1.06%]; P = .04). However, in this subgroup, Medicaid expansion was associated with a slightly larger increase in discharge to rehabilitation (difference, 1.64% [95% CI, 0.46%-2.82%]; P = .01), particularly IRFs, and a marginally significant decrease in 30-day unplanned readmissions (Table 2) . All results were similar in other sensitivity analyses (eTables 2-4 in the Supplement), including those adjusting for hospital trauma center level.
Analyses of Medicaid Expansion vs Nonexpansion States
A total of 176 122 hospitalized young adult trauma patients were included: 44 678 residents of the selected southern expansion states and 131 444 residents of the selected southern nonexpansion states. Sociodemographic and clinical characteristics were substantively similar over time in both the expansion and nonexpansion states, although many small differences (eg, in several categories of mechanism of injury, injury type, and intentionality) were statistically significant because of the large sample size (Table 3) .
Medicaid expansion under the ACA in the 3 selected southern expansion states was associated with a significant increase in Medicaid coverage (difference: 18.7% [95% CI, 15.3%-22.0%]; P < .001), a slight but significant decrease in private insurance coverage (difference-in-differences: −2.1% [95% CI, −4.0% to −0.2%]; P < .03), and a significant decrease in the proportion of patients uninsured (difference-in-differences: −18.0% [95% CI, −21.1% to −14.8%]; P < .001) ( Table 4) . The same was true in the subgroup of moderate to severely injured patients Medicaid insurance: difference-in-differences, 20.8% [95% CI, 16.5%-25.2%]; P < .001; private insurance: −4.2% [95% CI, −7.3% to −1.0%]; P = .01; no insurance: −18.6% [95% CI, −23.0% to −14.3%]; P < .001). Medicaid expansion was not associated with reductions in the rates of in-hospital mortality or failure to rescue. Similar to our findings in 11 geographically disperse expansion states, Medicaid expansion in the 3 selected southern states was associated with a significant increase in discharge to any type of rehabilitation (difference-in-differences: 1.86% [95% CI, 0.81%-2.90%]; P = .001). However, only discharge to SNFs increased statistically significantly (difference-in-differences: 0.54% [95% CI, 0.11%-0.96%]; P = .01). Similar effects of Medicaid expansion on access to rehabilitation were observed in moderate to severely injured patients (difference-in-differences: 3.39% [95% CI, 1.33%-5.44%]; P = .001), although in this subgroup there was a significant increase in discharge to IRFs (difference-in-differences: 1.53 % [95% CI, 0.02%-3.04%]; P = .047) ( Table 4) . All results were similar in other sensitivity analyses (eTables 5-7 in the Supplement), including those adjusting for hospital trauma center level.
Discussion
The results of this study demonstrate that, among young adult trauma patients hospitalized in 1 of 11 states that implemented ACA Medicaid expansion in January 2014, there was an 18.2% increase in the proportion of patients with Medicaid coverage, a 15.2% decrease in the proportion who were uninsured, and a 1.4% decrease in those with private insurance coverage. In addition, there was a 1.2% increase in discharge to rehabilitation after hospitalization but no significant decreases in in-hospital mortality, failure to rescue, or 30-day unplanned readmissions. Similar results were found when 3 of these states were contrasted with 3 geographically and demographically similar nonexpansion states. This pattern of change in insurance coverage and access to rehabilitation among hospitalized trauma patients is consistent with previous singleinstitution and state-specific studies that evaluated the association of ACA Medicaid expansion with outcomes in trauma patients. 20, 37, 38 Given that multiple studies have reported worse outcomes among uninsured patients after serious injury, it stands to reason that increasing insurance coverage might improve trauma outcomes. However, despite clear gains in insurance coverage, our study did not detect significant decreases in inhospital mortality or failure to rescue. This finding is similar to that reported by 2 single level I trauma centers in Arizona and Oregon, but it stands in contrast to recently reported findings of decreases in in-hospital mortality and failure to rescue in the first 2 years of Medicaid expansion in the state of Maryland. 17, 19, 20 Other than the shorter postexpansion period of our study and the single-center studies compared with the Maryland study, the reasons for these discrepant findings are unclear. However, given the wide variation in population and trauma system characteristics, government financial support for trauma centers, and Medicaid reimbursement rates across Medicaid expansion states, differing results across states are not unexpected. In addition, previous research has demonstrated lower in-hospital mortality among trauma patients treated at level I trauma centers compared with nontrauma centers after controlling for case mix. 39 Although we detected no changes in patient transfer rates from before to after Medicaid expansion, there were slight decreases in the proportion of patients treated at level I trauma centers in both Medicaid expansion and nonexpansion states. However, we did not observe any significant decrease in in-hospital mortality after Medicaid expansion, even after accounting for trauma center level. Furthermore, although our analysis controlled for both Abbreviation: NA, not applicable.
a Outcomes, both frequencies and percentages, are shown after adjustment for age, sex, race/ethnicity, rurality of patient home county, median household income national quartile for patient zip code, injury severity score, presence of a severe head or neck injury, mechanism of injury, type of injury, injury intent, number of chronic conditions, presence of traumatic shock, and whether a surgical procedure was performed.
b Excludes patients who died in the hospital.
c Excludes patients treated in Maryland.
d Excludes patients from Colorado, Kentucky, New Jersey, Nevada, Oregon, and Rhode Island, patients treated in December of any year, and any patient with a missing patient identifier. patient sociodemographic and injury characteristics, there could remain unmeasured factors affecting mortality that changed over time in the selected expansion states or that differed between the selected expansion and nonexpansion states. Importantly, being uninsured is highly correlated with numerous factors that may both independently affect trauma outcomes and mediate the relationship between insurance coverage and trauma outcomes, such as poorer preinjury health status, greater treatment delay, and treatment at lower resourced hospitals. [40] [41] [42] [43] [44] As we examined only the first year of implementation of Medicaid expansion, it is likely that many of the patients in our postexpansion cohort obtained Medicaid coverage at the time of their hospital admission, thereby reducing the influence of these potential mechanisms by which insurance coverage may affect in-hospital mortality. Although population-level growth in Medicaid enrollment was highest in the first year of ACA Medicaid expansion, rapid growth continued in 2015. 45, 46 This suggests that our proposed mechanisms for the association of Medicaid expansion with trauma-related mortality and readmissions may be more evident in 2016 and later. Furthermore, financial resources gained by many safety-net hospitals after Medicaid expansion would not immediately alter their resources available to trauma patients. Thus, it is possible that ACA Medicaid expansion has had a stronger association with traumarelated mortality in more recent years as general health status and access to preventive health care have improved among low-income adults in Medicaid expansion states.
37,38
Our finding of improved access to rehabilitative care is important, given the influence of rehabilitative care on the ability of seriously injured patients to regain function and restore their quality of life. A recent study comparing injured patients discharged to IRFs across Washington state with similar patients who were not discharged to an IRF found a 40% lower odds of mortality 1 year after injury among the patients who received care at an IRF. Among the patients admitted to an IRF, total functional independence scores also increased markedly, and most patients were successfully discharged home from the rehabilitation facility. 47 In our analysis, we found that Medicaid expansion in its first year led to increased access to postinjury rehabilitation and specifically access to IRFs and SNFs. These findings are similar to those of the recent study of Medicaid expansion in Maryland. 20 We did not find that Medicaid expansion was associated with a decrease in unplanned readmissions among hospitalized trauma patients. Thirty-day unplanned readmission rates for trauma patients have been reported to range from 2% to 15%; these readmissions are resource intensive, and readmitted patients often experience worse outcomes, including higher mortality rates.
48-50 Social deprivation and lack of follow-up outpatient care after injury are associated with a higher risk of unplanned readmissions resulting from injury complications. 51, 52 Uninsured patients are less likely to have access to specialized posthospital care to ensure complete recovery from injuries and the prevention of complications. However, with a sustained increase in access to all types of care un- Abbreviation: NA, not applicable. 
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Abbreviation: NA, not applicable.
b Excludes patients who died in the hospital. der Medicaid expansion, it is possible that fewer trauma patients are being readmitted in more recent years. Future research is necessary to answer this question.
Limitations
Our study has several limitations, most of which result from its reliance on administrative data. As the HCUP SIDs are derived from hospital discharge data, there is some miscoding of diagnoses and procedures. However, the algorithms we used to identify trauma patients and classify types, mechanisms, and intent of injury are validated and widely used. 
